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Introduction

T his p ap e r arose from  a w ider study u n d er­
tak en  to  evalua te  changes in th e  population  
o f th e  Isle o f S hcppey , K en t, since a p re ­
vious study , (H o ri 1964 and  1969). It 
b ecam e  ev id en t th a t th e  b eh av io u r o f 
groups in nesting  a reas and m ultip le nesting 
w ere  m ore  im portan t than  had  been  p re ­
viously considered . T hese  aspects w ere sub­
jec ted  to  closer study and com pared  with 
resu lts  from  th e  prev ious w ork , lim ited data  
from  o th e r  years and  o th e r published  re­
sults (Jenk ins et al. 1975; P atterson  1982; 
P ienkow ski and  E vans 1982a and b).

M ethods

Field-w ork w as un d ertak en  betw een  O cto ­
b e r 1983 and  S ep tem ber 1986, on a lte rna te  
days from  early  F eb ruary  until late A ugust 
in each  y ear and  tw ice w eekly in o th er 
periods. G enera lly  th is occupied  12-15 
hou rs a dáy from  F eb ruary  until June and  8 -  
10 hours at o th e r da tes . F rom  February  
until A ugust it began ju s t before  first light. 
All tim es given are  G M T .

M eth o d s w ere those  used  previously  
(H ori 1964, 1969), augm ented  by increased 
m obility , using a 4 w heel drive Jeep  which 
d o u b led  as a m obile h ide; p ro longed  b e ­
hav iou r stud ies o f individuals; m onitoring  
o f com m unes and  th e  in tensive study of 
o n e ; co lou r ringing o f incubating  fem ales 
and  de ta iled  record ing  and  recognition  of 
facial descrip tions in p a rticu la r groups and 
locations; m ore use o f the fact th a t fem ales 
“ in lay” o ften  show  p ro m in en t egg bulges 
on th e  low er belly , and  laying can often be 
deduced  by the indiv iduals’ appearance 
befo re  and  a fte r nest visits.

In th e  d e ta iled  study o f one  com m une 
a d d it io n a l m e th o d s  in c lu d ed  m ark in g , 
m easuring  and  w eighing eggs; de te rm in ­
ation  o f fem ales’ p resence on the nest 
th rough  th e ir hissing reactions and con­
tinuous record ing  of behav ioura l activity. 
All these  nest sites w ere in a stack of straw  
bales in a concre te  fram ed barn  clad with 
co rru g a ted  asbestos on the ro o f and ends.

T he  sites m ay be considered  as m odified 
versions o f those  w hich have long been  used 
by Shelduck in N orth  K ent. In such situa­
tions b irds have used gaps left accidentally 
o r  w hich develop  as th e  straw  stack settles. 
A rtificial sites w ere m ade by re-stacking 
bales to  p rov ide  app roach  tunnels, nesting 
cham bers, and  hiding tunne ls as previously 
described  (H ori 1964). A  bale above the 
nesting  ch am b er was a rranged  for quick 
rem oval so th a t incubating  b irds could be 
easily caugh t la te r. O bviously  such sites had 
to  be n ea r the  to p  o f the stack , bu t this was 
in any case p re fe rred  by Shelduck. All o ther 
holes in the  stack  w ere b locked  to  preven t 
b irds nesting  in inaccessible situations.

The size of the nesting cham ber was 
always a com prom ise betw een the p re fe r­
ence shown for small cham bers and the 
possibility tha t the nest m ight have becom e 
a m ultiple site. This was usually accom m o­
dated  by keeping approach  tunnels sm all so 
th a t the b ird  could only ju s t get in , but 
providing m ore space in th e  cham ber. P ro ­
vision was m ade for a shielded landing 
space near hole en trances, by form ing a 
large open-sided well in the stack which 
screened the nest holes on  th ree  sides, bu t 
allow ed observation  at th e  o ther.

Field Studies

The Environm ent

Sheppey lies along the N orth  K ent littoral, 
separa ted  from  the m ainland by the Swale 
channel, the fo reshore and main creeks of 
w hich p rov ide  p rim ary  w in te r feed ing  
(Figure 1). L and in the a rea  frequen ted  by 
Shelduck (w hich does no t include the 
T ham es shore) is p redom inantly  used for 
farm ing, although reserves o p era ted  by the 
Royal Society for the Protection  o f birds 
(R SPB ) and  the N atu re  C onservancy C oun­
cil (N C C) now occupy significant areas. 
D uring the sixties study som e 3.700 hec­
tares o f this a rea  was fresh grazing m arsh, 
bu t now only approxim ately  1,800 hectares 
rem ains, nearly all in the reserves. T he rest 
has been drained  and tu rn ed  over to  cereal
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Figure 1. Map showing Shelduck habitats on the Isle of Sheppey, Kent.

a n d  o th e r  cash  c ro p s . D u tc h  E lm  d isease  
h a d  k illed  o ff U lm u s p ro cera  a n d  m o st o f  
th e ir  re m a in s  h a d  b e en  re m o v e d  by 1980. 
T h e se  h a d  b e en  th e  co m m o n  h e d g e ro w  t re e  
a n d  th e ir  loss m o d ified  th e  lan d scap e  im ­
p o rta n tly .

D ispersion

S eparation  ou t o f the  breeding population  
begins early  in F ebruary . It is com plex, with 
considerable variation  in behaviour and 
with birds reaching d ifferent stages in the 
sequence at d ifferen t tim es. Pairs differ in 
experience, social p references, and feed ­
ing, te rrito ry  and nesting area preferences, 
m aking overall s ta tem en ts difficult. The 
island docs no t have areas w here som e pairs 
b reed  in isolation and  o thers in colonies as 
reported  by Pienkow ski and Evans (1982a) 
for the Firth of Forth .

For m ost po ten tial b reeders there  is p ro ­
gressive m ovem ent away from  the Swale 
channel, the w in ter h ab ita t, as follows:-
(i) From  about th e  beginning o f February  

the w hole population  spent increasing 
tim e on the fresh m arshes, generally  on 
o r near w ater.

(ii) T he  p o ten tia l b reed in g  pop u la tio n  
separa ted  from  the rem ainder. For 
m ost th e re  was a d istinct physical 
separa tion , som etim es only a score of 
m etres o r  less, but o thers, in “overlap 
a reas” , con tinued  to  use flood w ater 
with non-breeders.

(iii) A t ab o u t the sam e tim e, sm aller groups 
ap p eared  in the grazing m arshes and 
arab le ; te rrito ries  s ta rted  to  be occu­
pied. T hose along the shore w ere occu­
pied  first, particu larly  in p ro tec ted  
creeks. T he lim iting factor appeared  to  
be d is tu rb an ce  by sho re  shoo ting . 
D irectly this ceased, territo ria l be­
haviour was detec ted . T errito ries on 
fresh w ater, the m ajority , w ere occu­
pied la te r. Fresh w ater was frozen m ost 
m ornings until the end of F ebruary  or 
early M arch. In severe w eather first 
occupation  of shore and fresh w ater 
te rrito ries  differed by nearly  a m onth .

(iv) A fte r a period  of te rrito ria l occu­
pation , g roups, called ‘com m unes’, 
began to  occur in nesting localities. 
T he tim e lapse before  birds began 
visiting nesting areas varied  from  7 to  
32 days.
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B ehaviour in (iii) and  (iv) differs from  
th a t rep o rted  for the Y than  by W illiams 
(1973), w here pairs visited nesting areas 
befo re , during and  a fter tak ing  up territo ry .

By the tim e dispersion of the breeding 
popu la tion  had occurred , residual w in ter­
ing birds had left and the non-breeding 
population  was largely concen tra ted  in two 
areas near the shore.

E xpansion o f  area in which territories occur

O n Sheppcy and in o th e r parts  o f the N orth  
K ent M arshes, Shelduck have adap ted  to  
fresh w ater territo ries. T his p robably  re­
sulted  from  reclam ation , w hen sea defences 
transfo rm ed  tidal channels in to  fresh w ater 
fleets. T he change w ould have taken  som e 
years, w ith a transition  th rough  brackish 
conditions and adap ta tion  w ould have been 
facilitated  by the d iet flexibility exhibited  by 
Shelduck in spring and  sum m er. R inged 
pairs holding territo ry  on fresh w ater w ere 
regularly  observed feeding on tidal m ud up 
to  3 km  away during incubation , and te rri­
to ria l pairs on fleets often  fed in o th er 
locations, such as freshly sown fields when 
foraging fo r seed.

G roups in nesting locations

T hese groups m ay be regarded  as the penul­
tim ate stage in the sequence o f dispersion. 
T hey w ere term ed  com m unes earlie r (H ori 
1964 and 1969). T o p reven t m isunderstand­
ing, an ex tended  definition o f  com m unes is 
considered necessary, nam ely “G roups of 
adu lt pairs, all po ten tia l b reeders , which 
assem ble in the sam e location n ear nesting 
sites each m orning a fter te rrito ries  had been 
estab lished , bu t before nest prospecting  
com m enced; from  A pril to  approxim ately  
the second half o f M ay. T hese groups 
continue th rough  the prospecting  period, 
bu t w ane quickly at the onset o f laying, 
though  som e m em bers o f the  group  may 
associate well in to  incuba tion” . C olour 
ringing confirm ed num erical evidence tha t 
the groups con tained  the sam e birds, apart 
from  m ortality , and  th a t individuals re­
tu rn ed  to  th e  sam e com m unes in succeeding 
years. T he addition  of dates allows for the 
discovery, in the p resen t study, tha t com ­
m unes can be jo ined  la te r in th e  season by 
fu rth er groups of adults. Sim ilar groups 
have been detec ted  in o th e r stud ies, notably 
by Patterson  and  M akepeacc (1979) and 
P a tte rso n  ( 1982)

P atterson  suggested th a t they  are synony­
m ous with groups w hich Y oung (1970) 
ca lled  "P a rliam en ts” , p resum ab ly  a fte r 
C oom bes, (in H uxley 1951), and th a t the 
term  “sub-group” be used instead of e ither 
o f the som ew hat an th ropom orph ic  nam es. 
This suggestion is no t adop ted  here  because 
it in troduces vagueness unless the various 
sub groups which occur in b reed ing  popu la­
tions are defined and given suffixes or 
prefixes, e .g . “nesting locality sub-group".

T he study of Sheppey com m unes was 
facilitated  by the fact th a t those in the 
up lands and som e in th e  arable w ere v ir­
tually  isolated. In terference  and confusion 
caused by non-breed ing  birds was minim al. 
In the sixties study such intrusion was 
unknow n, bu t it was observed  on a num ber 
o f occasions in the eighties and is expected 
to  increase.

Tabic 1. Commune numbers and locations

1984 1985 1986

Total of communes found 38 39 35
Upland communes included 
Total adult pairs in

21 21 21

communes 148 139 169

T able 1 shows the num bers and sub­
location of com m unes in th e  eighties. These 
groups w ere no t entire ly  exclusive and som e 
pairs m oved betw een them .

Sixteen upland com m unes w ere recorded  
betw een 1960 and  1966 and had been 
know n individually to  farm ers and farm  
w orkers for m ore than  th irty  years before. 
N ine of these rem ained  in precisely the 
sam e locations th rough  th e  eighties’ study 
so they had persisted  fo r m ore than  fifty 
years. T he o thers had m oved only because 
o f m ajo r land usage changes, including 
destruction  of nesting sites.

Tendency o f  inexperienced birds to fo llo w  
experienced ones

N o n -b reed e rs  indulge in apparen tly  aim less 
p ro spec ting  o f holes. Large groups of no n ­
b reed ing  pairs, up to  24, ga th e r near b u r­
row s o r o th e r sites and  spend  long periods 
disp laying and running  in and  ou t o f holes 
w hich a re  no t used for nesting. This m ay be 
p a rt o f a  learn ing  process which reinforces 
an innate  tendency  to  recognize holes as
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nesting  p laces. N on-b reed ing  pairs w ere 
p re d o m in a n tly  im m a tu re  fem ales  w ith 
ad u lt m ates , a resu lt o f the excess o f m ales 
in bo th  sum m er and  w in ter populations. 
Pairing  d isplay flights confirm ed this. The 
p rocess o f pairing  keeps such pairs longer in 
th e  w in tering  areas . M ovem ent o f non- 
b reed in g  pairs in to  o th e r areas was m ost 
ap p a re n t in M ay and  Ju n e , as was also 
re p o r te d  by P a tte rso n  an d  M akepeace  
( 1979), b u t som e began  to  follow  adu lt pairs 
e a rlie r  w hen th e  la t te r  m oved to  territo ries 
n e a r , o r overlapp ing , w in ter areas. L ater, 
som e even fo llow ed as far as the upland 
com m unes.

T he  sam e tendency  to  follow  occurred  in 
th e  b reed in g  p o p u la tio n ; it was m ost ap p a­
ren t aw ay from  a reas  w here non-b reeders 
overlap . A s th e  b reed ing  population  sepa­
ra te d , experienced  adults re tu rn ed  to  te rri­
to ria l and  subsequen tly  to  com m une areas 
first. T h e re  was a  sho rt delay befo re  o th er 
pa irs in adu lt p lum age follow ed experi­
enced  adults to  te rrito ria l fleets, and  associ­
a ted  w ith them  in sm all groups. T he inex­
p e rien ced  b irds co n tinued  to  group  w hilst 
ex perienced  pairs conso lidated  territo ries. 
W hen ex perienced  b irds began to  visit 
com m une a reas th e re  was an o th e r tim e 
lapse, e .g . 8 -10  days, befo re  the inexperi­
en ced  b irds began follow ing. In both  flights 
to  te rrito ry  and  to  com m unes, pairs w ere 
seen  tak ing  off, flying and  landing closely 
beh ind  o th e rs  in hund reds o f instances. 
Follow ing could  have been  m inim ised if 
ex perienced  adu lts  m ade th e ir way from  
te rrito rie s  to  com m une a reas d irectly  and 
d iscreetly  du ring  th e  initial and  prospecting  
perio d s, as they  do  fo r m ost o f the laying

and  all o f th e  incubation  periods. Instead , 
com m une g roups are  obvious and form  well 
b e fo re  laying com m ences, even befo re  
p rospecting  starts . T his facilitates follow ­
ing, w ith the  consequen t tran sfe r o f infor­
m ation  on  nesting  a reas and  ultim ately  of 
nest sites.

Ind iv idua l an d  m ultip le nests

N ests occur th ro u g h o u t th e  undeveloped  
land  and  in to  th e  fringes o f developm ent 
(F igure 1), w ith a defin ite tendency  to  be 
c lum ped . N ests w ere single, i.e . laid and 
incuba ted  by one  fem ale , o r m ultip le , i.e. 
laid  by a n u m b er o f fem ales, bu t incubated  
by only on e . T h e  approx im ate  criterion  th a t 
clu tches la rg e r than  12 eggs w ere m ultiples 
(H ori 1969) w as used w here there  was 
u nce rta in ty , b u t this p roved  to  be an u n d er­
estim ate  occasionally .

In 189 com pleted  clutches exam ined in 
both  studies th e  average clutch size fo r 137 
single nests was 9 .05+ 0 .14  eggs, with a 
m ode o f 10. M ultiple clutchcs in which 
laying was com pleted , a rc  shown in T able  2. 
In 1986, 2 add itional nests w ith less than  12 
eggs w ere clearly  m ultiple. T he significance 
o f m ultiple nesting is best illustrated  by the 
p roportion  o f pairs and of eggs laid , as 
shown in T ab le  3.

P revious stud ies a ttem p ted  to  supple­
m ent such da ta  w ith those ob ta ined  from  
class I duckling broods (H ori 1964 and 
1969). In 1984-86 inclusive, fu rth er efforts 
w ere m ade to  in tercep t b roods en rou te  to 
nurseries. Such counts w ere no t, how ever, 
considered  satisfactory because they  do no t 
give data  on nest losses, depressed  hatching 
success and  early  duckling losses.

Table 2. Multiple clutches

Year
Multiple

Nests

Nests containing num ber of eggs shown 

13 14 15 16 17 18 >18

1962 3 1 _ _ _ 1 1x20
63 12 2 3 3 - : 1 1x22, 1x25
64 3 - - - - i - 2x19
65 2 - 1 1 - - - -

66 6 - 1 2 1 - - 1x21, 1x23
67 5 - 2 - 1 i - 1x32
68 3 1 - - 1 - - 1x23

1984 3 _ - - 1 _ - 1x24, 1x26
85 6 _ — 1 _ i - 1x20, 1x21, 1x24, 1x25
86 8 1 1 - 1 i 1 1x20, 1x25, 1x31

Total 51 5 8 7 5 5 3 18
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T able 3. Incidence o f m ultiple nesting.

1962 63 64 65 66 67 68 84 85 86

Total nests 13 25 22 19 25 13 13 17 22 20
Multiple nests 23% 48% 14% 11% 28% 38% 23% 18% 27% 50%
Total eggs in sample 127 315 228 181 213 131 119 108 229 253
Pairs using multiple nests 47% 50% 32% 26% 56% 47% 31% 39% 56% 77%
Eggs in multiple nests 40% 62% 24% 16% 21% 47% 24% 48% 54% 61%

W ork on the Y than (P a tte rson  1982) and 
on the F irth  o f F orth , (P ienkow ski and 
E vans 1982b) suggested tha t burrow s in soft 
sand often  collapse: a hazard  w hich w ould 
be increased in m ultiple nests by the  pas­
sage of additional birds. Such unstab le  sites 
w ere seldom  encoun te red  on  Sheppey; 
there  was one case in loose straw . Site 
co n s tra in ts  d id  n o t in fluence  m u ltip le  
laying. Eggs w ere p iled  in layers in deep  
sites o r fo rm ed long row s in narrow  ones. 
W here it was possible for a b ird  to  cover the 
eggs and to rearrange them , large m ultiple 
clutches w ere hatched. F or exam ple, a 
com plete hatch  of 19 was achieved in 1985 
in a disguised tea  chest w here th e  eggs w ere 
arranged  in a single layer. T he sam e bird 
could n o t, how ever, m anage 30 eggs in the 
sam e site in 1986. T here  was no t even 
enough dow n to  cover th e  eggs w hen she 
left the nest, and all failed. N o traces of 
em bryo developm ent w ere found  in the 
eggs, which w ere incubated  fo r 44 days.

C om parative hatching success is show n in 
T able  4. W idely d ifferen t hatching figures 
ob ta ined  for m ultiple nests in th e  sixties and 
the eighties are apparen t. E vidence tha t 
nesting was generally  m ore difficult in the 
eighties was co rrobo ra ted  by th e  low er 
success ra tes also found  in single nests.

O nly once was a fem ale know n to  react to  
th e  num ber o f eggs laid. In 1985 this bird 
separa ted  ou t a group  of 8, then  a fter they 
had been res to red  to  th e  c lu tch , separa ted  a 
group of 13, from  25 eggs laid in a m ultiple

nest. Eggs laid near clutches w ere always 
ignored , as w ere those w hich becam e acci­
dentally  separa ted  from  clutches. E jec tion  
o f eggs rep o rted  by P ienkow ski and E vans 
(1982b) was not experienced.

A to ta l of 21 single eggs and  tw o lots o f 2 
eggs w ere found  near clutches. T hey w ere 
usually found  in approach  tunnels and  occa­
sionally beyond  clutches. D uring  the earlie r 
w ork , birds w ere seen sitting  n ear o thers 
which w ere on clu tches, an d  it is considered 
th a t the presence o f a sitting b ird  usually 
causes eggs to  be so laid. M any o th er 
singles, noticeable by th e ir  shape and  size 
w ere laid in the clutches. R arely  such eggs 
w ere found  in o therw ise em pty sites.

D uring laying, som e partially  com pleted  
clutches w ere covered  w ith loose m aterial 
w hen the  b ird  left. This occurred  in 51%  of 
a sam ple o f 43 nests in the earlie r study, and 
75%  of 24 nests in the p resen t study. The 
availability o f loose m ateria l, usually straw  
or w ood litte r, obviously affects the habit. 
This behav iour could be hiding eggs, ra th er 
than  insulating them  w hich is the prim ary  
purpose o f the dow n cover used during 
incubation . H iding could reduce m ultiple 
laying. M ultiple nesting m ay lead to  dum p 
nesting in which so m any eggs are  laid th a t it 
is im possible for a bird to  incubate  them , 
e .g . 50 Isakov (1952). 32 (H ori 1969), 31 
(this study). T he d isrup tion  caused by the 
num bers o f birds involved also virtually 
p recludes the possibility o f successful in­
cubation , bu t som e birds a ttem p t it.

Table 4. Comparative hatching success (% eggs hatched/laid) in single and multiple nests.

1963 64 65 66 67 68 84 85 86

No. of single clutches 8 12 9 8 6 10 14 14 6
Hatching success 90% 93% 87% 92% 88% N/A 37% 64% 65%
No. of multiple nests 8 2 2 6 3 3 3 6 10
Hatching succcss 91% 95% 90% 89% 85% N/A 17% 37% 25%
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Detailed study o f one com m une

A lm ost ideal study conditions occurred  in 
1986 a t an up land  farm  w here com m unes 
had been observed  generally  in eleven of 
the years since 1962. This group was studied 
intensively for 46 days, usually on a lternate  
days, bu t consecutively w hen necessary. 
O bserva tion  p eriods averaged  ap p ro x i­
m ately 3 hours, bu t varied  up to  8 'A hours. 
T he assem bly a rea  had always been the 
sam e hillside p astu re , and  nests w ere cen­
tred  on a barn  variously stacked w ith hay or 
straw  bales. T h ree  to  six nests w ere m ade 
here  annually , w ith up to  four in the barn . 
In som e years som e pairs nested  in o th er 
sites up to  400 m from  the assem bly ground. 
Fifteen  incubating  fem ales w ere ringed here 
in the sixties, bu t none o f these w ere seen 
during the eighties. Figure 2 shows details 
o f the location and  Figure 3 the en trances to 
the nests. T he la tte r  w ere 3.5 to  5 m above 
the g round. O bservations began a t, or 
befo re , first light. N est checks w ere m ade 
a fter m orning behav iour studies. D uring 
incubation  th is necessita ted  discovering 
w hen fem ales w ere usually absent. All nests 
w ere in sites p rep ared  as sta ted  in M ethods.

Recognition o f  yo u n g  and  inexperienced  
fem ales

T he b reed ing  biology of fem ales from  age 
tw o to  m aturity  has not yet been elucidated . 
Ringing of ducklings o r yearlings, followed 
by la ter te rrito ria l and  nest studies w ould be 
the only reliable m ethod. In this study less 
positive m ethods w ere used. N o consistent 
field characters w ere discovered; com m une 
birds frequen tly  show ed pale o r greyish 
legs, bu t som e incubating  fem ales also had 
such legs w hen they had virtually fully adult 
wing p lum age. Facial m arkings of adult 
fem ales varied  bu t som e apparen tly  young 
fem ales have no conspicuous face m ark ­
ings, w hilst som e incubating adults have 
faces alm ost identical to  the juveniles.

O f the incubating  fem ales caught 72 w ere 
fully exam ined in the hand. O f these only 4 
had no w hite edges to  p rim ary and secon­
d ary  fe a th e rs  an d  p u re  w h ite  g re a te r  
co v erts . T h e  m a jo rity , 52, had  sm all 
am ounts of w hite edging o r speckling on the 
flight fea thers, typically 0.5 -  3 mm tips on 
som e prim aries and  secondaries. W hether 
this should be expected  in fully m atu re  birds 
is uncertain . T h ere  is sufficient anom aly in

next com m une 
c. 1.0 Km east 

of barn

most territories _  H ILLSID E PA ST U R E  -
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next com m une 
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farm
buildings
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Figure 2. Plan of upland commune site subjected to close study in 1986.



Figure 3. Diagram of straw stack in Dutch barn (Figure 2) showing nest entrances.
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published descriptions to  raise doub t on the 
ex ten t to  which age was know n. H ow ever, 
m ore p ertin en t for p resen t purposes was the 
fact th a t the o th e r 20 birds had  small grey 
tips to  som e g rea te r covcrts as well as the 
w hite tips to  flight fea thers. In tw o cases 
there  w ere p rom inen t dark  grey covert tips. 
T hese w ere considered  to  be young adults, 
at m inim um , aged two.

From  behaviour studies in com m unes, on 
te rrito ries and in o th e r assem bly areas , it 
was concluded th a t inexperienced  birds 
could usually be d ifferen tia ted  from  m ature 
b reeders in the b reeding season by be­
h a v io u r .  S uch  im m a tu re  b e h a v io u r  
included:-
-  rem aining in groups on o r n ear occupied 

te rrito ries  and m oving w ith such groups 
aw ay from  the territo ries while experi­
enced birds rem ained there

-  appearing  at te rrito ria l and  com m une 
a reas la te r than  experienced  birds

-  involvem ent in p ro trac ted  group displays 
on com m une assem bly areas , particularly  
near nest sites

-  follow ing experienced pairs to  and on 
com m une areas

-  visiting nest sites in groups and staying for 
long periods, associating and displaying

-  show ing g rea te r tim idity in approaching 
and en tering  nest sites and inspecting 
various holes for very short periods w ith­
ou t laying

-  not showing avoiding behav iour as the 
laying period  app roached , nor varying 
visit tim es

-  form ing densely packed  flocks on the 
grazing m arshes, o ften  still displaying in 
groups, as late the th ird  w eek in M ay

-  not m aking low d irect flights w hen m ov­
ing from  territo ria l o r o th er areas to  
nests.

Ind iv idua ls in volved

T w enty  pairs visited th is location in two 
phases. A  lone d rak e  and  a pa ir w ith an 
im m atu re  fem ale w ere seen only once and 
w ere  no t co nsidered  to  have taken  an active 
p a rt in nesting . Five pairs had  co lour ringed 
fem ales, w hilst 12 of th e  o thers  had recog- 
nisably d iffe ren t fem ales, a lthough th ree  of 
these  cou ld  only be sep a ra ted  w hen seen
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to g e th e r . T h e ir  b ackg round  and  sta tus are  
show n in T ab le  5.

F o u r pairs, including one w ith a ringed 
fem ale , first v isited  th e  pastu re  on 1st A pril; 
subsequen tly  ca lled  D ay  1. T his was 25 days 
a f te r  first a rrivals in the corresponding  
te r rito ry  areas . H ow ever, th e  la tte r  w ere in 
g ro u p s and  te rrito ria l occupation  was not 
p ro v ed  until 14 days befo re D ay 1. A pril 1st 
w as ap p rox im ate ly  norm al for this group 
an d  21 days a fte r th e  first up land  com m une 
on th e  island assem bled . A ctivity then  
co n tin u ed  until D ay  99 (8th July). This 
d u ra tio n  w as unp recen d en ted .

V isit tim es an d  dura tions corresponded  
o v e rw h e lm in g ly  w ith  m in im um  hum an  
activ ity , from  a ro u n d  first light to  com ­
m en cem en t o f farm  w ork . Periods varied  
from  ap p rox im ate ly  one  hou r a t D ay 1 to 
th re e  hours a t th e  beginning of laying, as 
day  leng th  increased .

B eh av io u r in com m unes develops th rough  a 
sequence  o f activities un til, during laying 
and  especially  during  incubation , experi­
enced  b irds visit nests w ith considerable 
s tea lth  and  a re  only briefly seen. In this 
com m une th e  sequence  was divided into 
a rb itra ry  periods:-

(a ) In itial pe rio d : D ay  1 to  D ay  22 (ls t-2 2 n d  
A pril)

T h is covers th e  period  up to  th e  day on 
w hich a p a ir first visited the barn . Initially , 
beh av io u r com prised  m ainly feeding and 
s leep in g , b u t sitting  o r  stand ing  a le r t, 
“ w a lk in g  u p ” a n d  in te r - p a i r  d is p la y  
g radually  increased  (see H ori 1964; P a tte r­
son 1982). A t first pa irs ap p ea r to  seek only 
g ro u p  association  in th e  nesting  location , 
b u t a le r t po stu res  suggest th a t they  are

Sequence o f  behaviour

Table 5. Individual histories of Shelduck in the closely studied commune.

Rings 1984 1985 1986

Biue/yellow N ot known. Ringed on nest in 
barn. Hatched all 
of 11 eggs. Fully 
adult plumage.

Laid, incubated and 
deserted multiple 
nest 1.

Green/yellow Ringed on nest in 
barn. Clutch of 11 
eggs predated.
Fully adult plumage.

Seen in commune and 
at barn. Not caught

Laid in and 
incubated multiple 
nest 2. Hatched 13 
of 16 eggs.

Black/white Ringed on multiple 
nest (16 eggs) in 
barn. D eserted after 
disturbance by farm- 
work. Fully adult 
plumage.

Not seen. Laid initially in 
nest 1. Moved to 
nest 3 and hatched 
9 of 13 eggs.

W hite/blue Not known. Ringed on multiple 
nest in barn. 
Hatched 16 of 21 
eggs. Fully adult 
plumage.

Laid in nest 1 and 
2 . Incubated nest 
4, hatched 10 of
20 eggs.

Orange/bluc Not known. Ringed on nest in 
straw dump 400 m 
west of barn. 
Hatched all of 11 
eggs.

Visited all nests. 
Com peted for nest 
2 but excluded. 
Probably also laid 
in nests 3 and 4. 
Did not incubate, 
last seen Day 57.

Yellow/red Not known. Not known. 2nd phase bird. 
Incubated small 
multiple clutch (10 
eggs). R eturned to 
wrong nest after 
ringing. Traces of 
imm ature plumage.
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reg istering  all aspects o f the location.
Initial visits w ere sh o rt, approxim ately  1 

h o u r, bu t som etim es as sho rt as 12 m inutes. 
B ad  w ea th e r p rec luded  them  a ltogether, 
e .g . d u ring  blizzards and  ex trem e cold with 
high w inds, th e re  w ere only  tw o visits 
be tw een  D ays 8 and  11. A t first a shepherd  
check ing  th e  lam bing flock w ould cause all 
p a irs to  fly back  to  te rrito rie s , bu t increas­
ingly they  to le ra te d  d is tu rbance  and  m erely 
re tre a te d  in to  th e  p astu re . T his parallels the 
b eh av io u r on te rrito rie s  w h ere , w hen well 
e s tab lish ed , pa irs o ften  m erely  fly round  a 
perso n  w alking along a fleet.

Som e pairs arrived befo re  first light, 
approxim ately  04.50 to  04.15 bu t m ost cam e 
soon after. D aily to tals increased  from  4 to  9 
pairs. T he birds gradually m oved nea re r to  
the  barn: the nearest approach  during this 
period  was 30 m . It was difficult, som etim es 
im possible, to  determ ine th e  ex ten t to  
which birds w ere associating from  p re fe r­
ence, o r could no t avoid it. “W alking up" 
was a particu lar behav iour in which pairs 
m oved tow ards the barn  from  100/150 m out 
in the pastu re . It was purposive, with birds 
often displaying at low in tensity  to  each 
o th e r , bu t in terspersed  w ith periods of 
feeding, resting  and  sleeping, and  in ter-pair 
display. M ales and fem ales w ere alm ost 
equally  leaders. By the end  o f the period  
birds stayed in the com m une up to  3 'Æ 
hours.

(b) 1st Phase nest prospecting: D ays 23 to  
33 (23rd A pril to  3rd M ay)

T he first stack visit seen w as by a ringed 
fem ale on D ay 23: she landed at the foot of 
the stack , bu t did not go on it. Sub­
sequently , increasing num bers w ent into 
the stack until m ost p rospected  it on D ay 
32: on th a t day th ere  w ere 18 birds on the 
straw  at one stage. A t least one m arked  
bird , o range/b lue, had already  prospected  
ano ther location , 400 m to the w est, w here 
it nested  the previous year, bu t this had 
been  com plete ly  c lea red  o f straw  and 
offered  no possibility o f a nest site.

By D ay 23, pairs only re trea ted  80-100 m 
in to  the pastu re  w hen farm  w orkers arrived  
and  re tu rned  w ithin a few m inutes o f dis­
tu rbance . T hey re tu rn ed  up to  five tim es 
follow ing repea ted  d is tu rbance betw een
07.00 and  10.00.

Feeding, resting/sleeping and  “w alking 
u p ” decreased  m arkedly . T he la tte r be­
cause birds arriving from  te rrito ries  landed

nearer the barn  as the period  progressed . 
G roup  display m ore th an  doubled , notice­
ably by birds considered  inexperienced. 
E xperienced  b irds rep ea ted ly  d istanced  
them selves from  display groups and  sat o r 
stood w atching: they  becam e a le rt w hen 
o thers visited certain  holes. Five pairs with 
ringed fem ales w ere p resen t in the group  at 
this tim e. E xperienced  pairs began to  show 
violent aggression tow ards o th e r pairs near 
the stack. T his was noticeably  d ifferent 
from  the chasing and th rea ten ing  lunges 
used in group display.

Two ringed fem ales w ere first seen with 
large egg bulges on D ay 32. O ne of these 
was seen leaving a nest w ithout an egg bulge 
the next m orning and the first egg found 
there was considered  hers.

(c) 1st Phase laying: D ay 34 to  D ay 58 (3rd 
M ay to  28th M ay)

T he next 24 days ecom passed egg laying 
by the  first stage com m une. Fem ales, 
know n to  be experienced , tried  increasingly 
to  distance them selves from  o thers. Stack 
visits increased  until experienced  birds 
visited a t least once and  o th e rs , considered 
inexperienced , th ree  o r fou r tim es per 
m orning. T he la tte r also follow ed o thers 
and  form ed groups on th e  stack. E xperi­
enced birds began to  vary th e ir visit tim es. It 
appeared  th a t they  had also learned  to 
avoid farm  w orkers by th is da te . A fte r D ay 
49 such birds w ere seldom  seen in the early 
m orning groups. Som e laying pairs seized 
opportun ities to  visit the  stack unnoticed. 
R epeated ly , a fter a group  had been  dis­
tu rbed  by farm  w orkers, and  as soon as 
quiet had re tu rn ed , a ringed fem ale and  her 
m ate  w ould app ea r as from  now here and fly 
o r run to the stack. O ccasionally such pairs, 
ringed and know n to  be  laying, w ould 
notice an o th e r pa ir follow ing them  and 
w ould tu rn  on them  w ith extrem e aggres­
sion, driving the follow ers from  the pastu re . 
Som e experienced birds arriving from  te rri­
tories flew d irect to  the stack , with fem ales 
going in to  it and m ales veering  away a t the 
last m om ent, giving a visible p resence a t the 
stack o f only a few seconds.

P rogress in the nests w as as follows:-
N est 1. From  the s ta rt o f laying until the 

start o f incubation (D ays 33 to  45). four 
d ifferen t fem ales w ere seen to  visit, but 
p robably  at least six did so. Two experi­
enced  birds. B lue/yellow  and B lack/w hite 
w ere seen m ost often . T he fem ales saw each
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o th e r visit the  nest and both  w ere excluded 
from  it by o thers m ore than  once. B lack/ 
w hite first p rospec ted  it, bu t Blue/yellow  
was considered  to  have laid the first egg; 
B lack/w hite was no t seen w ith an egg bulge 
until D ay 36.

A lthough th ree  fem ales w ere visiting the 
nest betw een D ays 33 and 42, and tw o w ere 
heavily in lay, only one egg a day was laid. 
T his and  m any o th e r cases of delayed, 
in te rru p ted  and ex tended  laying w ere re ­
corded  th rough  th e  studies and rem ain 
difficult to  explain. In som e cases in te rru p ­
tions resu lted  from  desertion  and sub­
sequen t con tinuation  by o th er b irds, bu t in 
o thers the sam e bird  or birds w ere involved. 
E ith e r fem ales can retain  eggs low dow n in 
the reproductive trac t for longer than  is 
usually supposed , o r the eggs m ust be 
deposited  elsew here. B irds repeated ly  tried  
to  get to  nests over long periods, for exam ­
ple th rough  m ost o f a day, w hen farm ing 
activity occurred  n ear a nest site; so eggs 
can be re ta ined . O n the o th er hand egg 
dropping  has been regularly  rep o rted  (e.g . 
H ori 1964; Y oung 1964). T errito ries w ere 
searched  system atically , bu t no eggs w ere 
found  in this study.

O n D ay 40 B lack/w hite m oved to  ano ther 
site , nest 3. Two birds continued  laying in 
nest 1 and at least tw o o thers laid near it. A t 
least one fem ale com pletely  covered the 
clutch with straw  w hen she left. A n un­
ringed fem ale com m enced incubation  on 
Day 45 w hen there  w ere 17 eggs, bu t laying 
con tinued . Blue/yellow  continued to visit 
and rem ained visibly in lay.

T here  was considerab le  in terference be­
tw een D ays 41 and 49. F or exam ple, on D ay 
46 when Blue/yellow  flu ttered  up to  the nest 
her m ate  left her and  flew back to  territo ry . 
In this case B lue/yellow  could no t get on the 
clutch and cam e ou t im m ediately. She spent 
the rest o f the observation  period  standing 
near o th e r pairs, w atching the site. Som e­
tim e betw een D ays 46 and 49 inclusive, she 
took  over the incubation .

T hree  m ore eggs w ere laid a fter incuba­
tion sta rted . O ne as late as D ay 73. Sim ilar 
late deposition  o f eggs was no ted  in a 
num ber o f cases th roughou t the studies. 
M any such eggs have no chance of hatching, 
e .g . one laid 18 days a fter the start of 
incubation  in this case.

N est 2. A t least tw o fem ales, both ringed, 
visited this nest during the first days of 
laying, which s ta rted  on D ay 37. As in nest

1, only one egg a day was laid for the first 
th irteen  days. G reen/yellow , w ho incu­
b a ted , was only seen tw ice in the early 
m ornings during laying and visited a t o ther 
tim es; she w as only seen once w ith an egg 
bulge. By con trast, the  o th e r main com peti­
to r ,  O ra n g e /b lu e , show ed  egg  bu lges 
betw een D ays 39 and 57 inclusive and 
visited all th e  first four nests during the 
laying period  in N est 2.

G reen/yellow  sta rted  incubation  of 11 
eggs on e ither D ay 46 or 47. Two m ore eggs 
w ere laid during the next tw o days; one by 
O range/b lue and  one by an unm arked  bird. 
Subsequently , 3 m ore w ere laid on D ays 51, 
57 and  63. O range/b lue was considered to  
have laid the  egg on D ay 51, bu t the last two 
w ere by o thers.

A lthough to le ran t o f d istu rbance . G reen / 
yellow was no t im m une to  it. She flew off 
the nest o f D ay  51, leaving the clutch 
uncovered , w hen an in truding bird  was 
expelled from  nest 4, im m ediately  above, 
with a considerable clam our. A t the tim e,
i.e . 11.40, she had been incubating  since 
03.45.

N est 3. B lack/w hite began this clutch on 
D ay 40 after leaving nest 1, in which she laid 
a t least 1 egg. O n D ay 42 th ere  w ere 3 eggs 
a fter she had spen t 52 m inutes on the nest. 
O nly 2 eggs w ere laid in the next 5 days, but 
th e ra fte r  there  was daily laying until B lack/ 
w hite com m enced incubation of 8 eggs on 
D ay 50. Four m ore eggs w ere laid during 
the next 6 d ay s, at least one by O range/b lue, 
the b ird  w hich also laid in nest 2. B lack/ 
w hite com pletely  covered the eggs with 
straw  w hen she left, bu t o th e r fem ales left 
them  uncovered  th ree  tim es.
N est 4. S ingle eggs w ere laid on D ay 41 and 
42; one  could  have been  by O range/b lue , 
b u t w hoever laid  them  was considered  to  
have d iscon tinued  a fte r D ay 42. W hite/ 
b lu e , w ho subsequen tly  incubated  this nest, 
w as p re sen t on D ay 1. By D ay 34 this pair 
w ere avoid ing  groups n ear the barn  and 
vio len tly  a ttack ing  follow ers. T he fem ale 
had  a p ro n o u n ced  egg bulge on D ay 36 and 
began  to  vary  h e r visit tim es. She was 
co nsidered  to have laid o r a ttem p ted  to  lay 
in nests 1 and  2 and  been excluded from  
th em  in tu rn  w hen incubation  s ta rted  on 
D ays 45 and  47. W hite/b lue and  O range/ 
b lue visited nest 4 on D ay 47 and w ere 
co nsidered  responsib le  for 6 eggs laid in it 
up  to  and  including D ay 49. Incubation  
com m enced  on  D ay 50 o r 51 w ith 8 o r 9
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eggs. H ow ever, laying con tinued  and there  
w ere  20 eggs by D ay 58. B etw een  D ays 45 
an d  58 th e re  w as freq u en t d is tu rbance  at the 
nests by in tru d e rs , bu t all four incubating  
b irds w ith s tood  it.

O ther nest sites and  overall behaviour

T h ree  o th e r  available sites rem ained  un­
used  until D ay  59, even  though  3 eggs w ere 
experim en ta lly  p laced in one  and  various 
ind iv iduals in spected  th e  ho les , From  D ay 
45 to  58 b ehav iou r changcd  in line with 
norm al expecta tions. G ro u p  display de­
c reased  and  nesting  pa irs  becam e even 
m ore  d iscree t in th e ir  visits. By the end of 
th is p e rio d , w ith incubation  p roceeding  in 
fo u r nests, the  g roup  h ad , to  ou tw ard  
ap p ea ran ces , ceased  associating.

T he  2nd phase: D ay 59 to  D ay  99 (29th M ay 
to  8th July)

F o u r new  pairs w ere n ea r the barn  on 
D ay  60. T his increased  to  ten  new  pairs by 
D ay  63. T h e re  w as a  resu rgence o f group  
d isp lay  and  groups again g a thered  in and 
a ro u n d  the  b a rn , e .g . 18 b irds on the stack 
on D ay  63. V isits to  nest holes increased 
again  and  m uch o f the  behav iou r was sim i­
la r to  th e  aim less ho le  visiting o f non­
b reed ers . A ctiv ity  w as com plex because 
a n o th e r  sequence  o f behav iou r through 
p ro spec ting  to  incubation  was superim ­
posed  on a g roup  already  incubating.

T he  m ost significant even ts w cre:-

(i) Incu b a tio n  con tinued  in nests 1 to  4 
inclusive. Single eggs w ere laid in 
nests 2 and  4, p robab ly  by the new 
b irds.

(ii) B lue/yellow , incubating  nest 1, was 
visibly d is tu rbed . O n day 63 w hen the 
p a ir  re tu rn e d  a t 05.44, six fem ales 
w ere on th e  stack and  o thers w ere 
nearby . B lue/yellow  checked  in her 
flight, bu t then  con tinued  and  w ent 
in to  th e  nest. H ow ever, som etim e 
betw een  D ays 64 and  68 she deserted . 
T h ere  had  been  no o th e r d isturbance 
and  d esertion  was a ttr ib u ted  to  the 
new  b irds.

(iii) A single egg was laid in nest 5 on D ay 
63 w ith the th ree  placed there  experi­
m entally. N o fu rth er eggs w ere laid in 
this nest.

(iv) Laying s ta rted  in nest 6 on D ay 60; at 
least one o f the 10 eggs was by a

second  fem ale . In c u b a tio n  co m ­
m enced on D ay 67.

(v) Seven differen t second phase fem ales 
exhibited  p ronounced  egg bulges on 
eleven occasions betw een D ays 60 
and  77 inclusive.

(vi) 11 d ifferen t fem ales w ere seen down- 
stripping away from  the nest c ither in 
the pasture  near th e  stack, o r in two 
cases, on the stack . T here  w ere fo u r­
teen  observations o f this betw een 
D ays 60 to  77 inclusive. All the birds 
e x c e p t B lu e /y e llo w  w e re  n o n ­
incubators.

(vii) From  D ay 74, B lue/yellow , the bird 
which deserted  N est 1, re-appeared  
in the early  m orning gatherings and 
was seen on every subsequent w atch 
until D ay 93. She continued  to visit 
nest holes, bu t in an apparen tly  aim ­
less w ay, e.g . she looked  in all holes 
except one on D ay 84. She frequently  
“w alked u p ” , h e r m ale leading, as 
they had done forty  days previously. 
O n D ays 74 and 77 this fem ale was 
seen dow n-stripping near th e  barn.

(viii) T he fem ale incubating  nest 6 was 
caught fo r ringing on D ay 69. This 
was distinctly earlie r than  norm al and 
th e  tra u m a  w as p re su m ab ly  th e  
reason why she re tu rn ed  to  the w rong 
nest! She re tu rn ed  to  nest 1 and 
con tinued  to  sit until th e  straw  was re­
stacked on D ay 99. In the hand  this 
fem ale show ed traces o f im m ature 
p lum age, having3 mm grey t ip s to th e  
innerm ost g rea te r covcrts.

(ix) C lutches in nests 2 , 3 and  4 hatchcd . 
nests 3 and 4 on D ays 79 and 80, with 
hatching successes o f 81, 69 and 50% .

Laying and  hatching success

Since the average single clutch size is 9, an 
ou tpu t o f 171 eggs m ight have been ex­
pected  from  19 pairs. A ctually  a to tal o f 81 
was laid: 66 in the first phase and 15 in the 
second.

O u tp u t was thus 0.47 o f th eo re tica l 
po ten tia l, o r approxim ately  0.81 for the first 
phase and 0.17 for the second. Possibly 
in teractions and d istu rbance could depress 
individual's perfo rm ance, bu t analysis of 
nests visits and behav iour suggested th a t 
any depression in laying by experienced 
birds was m arginal. T he first five pairs in 
T able 5 w ere in the first phase which con­
tained  four fu rth er pairs, tw o o f which w ere
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considered  experienced . T he second influx 
b irds w ere considered  predom inantly  inex­
perienced . O verall, it was considered  th a t 9 
pairs w ere experienced  and 10 inexperi­
enced . A t its sim plest, these fem ales could 
have produced  the observed to ta l if the 
fo rm er had laid clutches o f 8 eggs and the 
la tte r  one egg each. In actuality , one o r two 
experienced  birds probab ly  laid less than 
average clutches, e .g . O range/b lue, whilst 
som e inexperienced  birds laid m ore than 
one egg, e.g . Y ellow /red. Som e of the la tte r 
m ay have been com pletely  inh ib ited , o r 
incapable of laying eggs.

O verall ha tch ing  success was low at 
39.5%  o r 1.68 ducklings per pair. Failure of 
nest 6 could be considered  a result o f the 
o bserver’s in terfe rence . It it had  hatched  
com pletely , the figures w ould have been 
52%  and  2.2 ducklings p e r pair.

Discussion

D istribution and dispersion

M ost b reed ing  popu la tions undoubted ly  
o rig inated  on estuarine  shores, using the 
m ud for te rrito ry  and  la te r colonising ad ja ­
cen t low lands for nesting. Sim ilar popu la­
tions seen today  are  confined to  narrow  
coastal strips in estuaries and  do no t nest 
in land  (P a tte rso n  pers. com m , fo r the 
Y than).

T he M edw ay estuary , ad jo in ing Sheppey 
to  th e  w est, is an a rea  o f extensive tidal 
ooze , b roken  saltings and  islands. R eclam a­
tion and  inundation  has occurred  period ­
ically since R om an tim es, bu t som e islands 
w ere last re -em banked  in the n ineteen th  
century . In the less iso lated  parts , Shelduck 
nest u n d er sm all sh rubs and  b ram bles 
R ubus fru tico sus , bu t m ore striking are  the 
open  nests which occur on the islands. 
T hese are  in long grass, often  on , o r at the 
base of, b roken  sea walls and  they  have no 
top  cover. T he islands w ere rem ote  until 20/ 
30 years ago and even now are no t fre ­
quen tly  visited. Soft m ud, deep  creeks and 
fast cu rren ts p rov ided  security  from  p re ­
d a to rs, particularly  M an and  this is clearly 
the reason for the adap ta tio n 's  success. The 
nearest to  open  nests know n on Sheppey 
w ere those of birds w hich nested  in barbed  
w ire en tang lem en ts left on saltings after the 
last w ar. These w ere virtually  open , but 
im possible to  reach; exam ples w ere know n

Som e M edw ay b reeders have also de­
veloped  the behav iour o f nesting outside 
the a rea  and fly 9 -  10 km in land to  nest in 
w oods. It has no t been  proved  th a t these 
birds hold te rrito ry  in the estuary , bu t th a t is 
the very strong  presum ption .

N esting aw ay from  the shore is w ide­
spread  on Sheppcy; in this case the birds 
have been  p roved  to  hold te rrito ry  on and 
n ear the shore as well as along fleets and 
elsw here. T he use o f nearby  fresh w ater 
appears to  be the only adap ta tion  devel­
oped  fo r expansion of te rrito ria l areas. It is 
m ain tained  th a t shortage o f territo ria l hab i­
ta t is a general ecological lim itation in 
estuaries and  th a t to  overcom e this con­
stra in t the species needs the im petus o f a 
hab ita t m odification, as occurred  in N orth  
K ent. O n Sheppey territo ries now occur on 
qu ite  small d itches, fleets and  pools. F rom  
1984, te rrito ries  w ere reco rded  on tw o fresh 
w ater "floods” c rea ted  in the RSPB reserve 
in 1980 and 1983.

In N orth  K en t and Sheppey in particu lar, 
it appears th a t nest sites have long been a 
fu rth er constrain t. T his is suppo rted  by the 
im m ediacy w ith which artificial o r im proved 
natu ral sites a re  used , and the exploitation  
o f short lived opportun ities like tem porary  
hay and  straw  stacks, shooting blinds, even 
household  and  building debris sca ttered  by 
the 1953 sea floods. M ultiple nesting may 
overcom e nest site shortage to  a certain  
ex ten t, bu t if nesting becom es too  dense, 
hatching will suffer.

T hus te rrito ria l and nesting behaviour 
are  also m ajo r dispersionary  factors. The 
re latively  fixed locations o f com m unes 
confirm s th a t inform ation  is indeed  effec­
tively passed to  succeeding generations, 
particularly  as none of the 60 fem ales colour 
ringed in th e  sixties w ere seen in com m unes 
during the eighties. It is believed tha t 
inform ation  tran sfe r is facilitated  by the 
tendency  of inexpcricnced  birds to  follow 
experienced  birds during the sequence of 
behavioural phases leading to  laying. In the 
long run , efforts by experienced  pairs in the 
com m unes to  find isolated nest sites will 
lead to  fu rth er d ispersion until, as on Shep­
pey, all the available a rea  is used. Possibly 
as the popu la tion  approaches th is stage, or 
after, birds able to  accept a d iet change may 
p ioneer distinctly d ifferen t locations. T he 
well know n, bu t lim ited , instances o f inland 
b reed ing  in B ritain  m ay have this origin.

until 1964.
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O n e  p u rp o se  se rv ed  by com m unes is 
though t to  be th e  a tta in ing  o f laying condi­
tion: for experienced  pairs, single nesting 
w ou ld  a p p e a r  a d v a n ta g e o u s , b u t only 
approxim ately  half th e  b reed ing  population  
achieved it in 7 o f 10 b reed ing  seasons. In 
one year only ab o u t one qu a rte r  achieved it, 
T able  3. Pienkow ski and  E vans (1982) 
rep o rted  sim ilar results from  A berlady  Bay 
w here betw een one half and  tw o th irds used 
single nests. N est site prospecting  by single 
pairs was frequen tly  observed , bu t only 
a fte r they  had  associated in com m unes.

F or the com m une stud ied  in detail, 23 
days elapsed  before  any bird  v isited th e  nest 
site and an o th e r ten  days befo re  an egg was 
laid: bo th  periods w ere a fte r  te rrito ry  had 
been  occupied. Such periods are norm al.

P rox im ate  fac to rs m ay tak e  this long to  
resu lt in  final b reed ing  cond ition  in Shel­
d u ck , bu t th e  initial p e riod  in the com m une 
is still considered  to  serve th e  function of 
stim u la ting  final g row th  o f gonads and  o th er 
g lan d u la r action  (e .g . see Phillips et al. 
1985). B u t th e  g roups o f b irds signal the 
locality  o f nesting  sites to  o thers. G roups 
fo rm  every  m orn ing  and  persist fo r som e 
hours: these  are  de tec ted  and jo in ed  by 
inexperienced  b irds. So in p reparing  for 
laying in th is w ay, experienced  birds reduce 
th e ir  chances o f single nesting.

E gg laying by  y o u n g  breeders

T he ex is tence  o f young adu lts in the com ­
m unes has been  d em o n s tra ted . T he ap p ea r­
ance  o f  egg bulges and  th e  d isappearance  of 
these  a fte r  nest visits by inexperienced  birds 
show ed  th a t th ese  ind iv iduals did lay. 
“Y o u n g ” is u sed  h ere  to  describe first tim e 
b reed e rs : these  a re  a t least 2 years old and 
possib ly  up  to  4/5 years. W hen m ultiple 
nesting  w as stud ied  closely, it was the 
ex p erien ced  b irds w hich laid  m ost o f the 
eggs and  it w as they  w ho incubated  in four 
o u t o f  five cases.

R ecognising  th e  young adu lts  is only part 
o f  th e  difficulty. T h e re  is no hard  evidence 
on th e  n u m b er o f eggs they  lay, w hether 
they  usually  in cu b a te , the age of full m atu r­
ity o r  if young  b irds increase th e ir ou tp u t o f 
eggs from  th e  first laying season to  m aturity . 
T h e  S heppey  stud ies show ed th a t w hen 
g roups w hich include inexperienced  birds 
a re  involved a t m ultip le nests, m any single 
eggs a re  laid. T he  group  stud ied  in detail

Attaining laying condition illu s tra ted  this graphically  at those isolated 
m ultip le  nests w hich involved large num ­
b ers  o f b ird s, e .g . 10 and  12 pairs o r m ore. 
In  th e se , large num bers o f eggs, fo r exam ­
p le , 4  an d  6 p e r  day , w ou ld  be deposited  fo r 
o n e  o r som etim es tw o days only , during a 
laying p e rio d  o f norm al leng th . M any fem a­
les in these  groups w ere  considered  inex­
p e rien ced  an d  in a few  cases such b irds w ere 
p ro v ed  to  have laid  single eggs in o r near 
c lu tches.

H o w ev er, som e 28%  o f a sam ple o f 72 
incubating  fem ales had  traces of im m ature 
p lum age on th e ir  g rea te r coverts. T here  is 
strong  p resum ption  th a t these  birds had not 
reach ed  full m atu rity . Such birds w ere 
som etim es found  on sm all clu tches, bu t no 
m ore  freq u en tly  th an  b irds in m atu re  p lum ­
age. N everthe less  su p p o rt is len t to  the 
p ro p o sitio n  th a t som e young birds, p ro b ­
ably the  o ld e r o nes, can  lay m ore than  one 
egg an d  can incuba te  in certa in  circum ­
stances.

T he precise age of these young adults 
rem ains uncertain . It is know n th a t 2 year 
o ld birds lay in captivity  (H ori 1964). bu t 
de ta iled  inform ation on clutch size and 
incubation  arc no t available. A t A bcrlady  
B ay, the youngest fem ale seen w ith a brood  
was aged four, from  a sam ple of 52 ringed 
ducklings (Pienkow ski and  E vans 1982b).

O n Sheppey it has always been  m ain­
ta ined  th a t tw o year old fem ales can breed 
but in com m on w ith o th e r studies the ex ten t 
has rem ained  unknow n. If young first tim e 
b reeders can acquire te rrito ry  at approxi­
m ately the sam e tim e as experienced  birds, 
they  follow the la tte r to  com m une areas at 
norm al dates and  becom e involved in m ulti­
ple nesting to varying ex ten ts. Som e, poss­
ibly the youngest, will lay only 1 egg, but 
o thers, probably  o lder, m ay be capable of 
laying m ore.

M ultiple nesting

O n the scale recorded  in 1985 and 1986 and 
at the density  seen in the closely studied  
com m une, m ultiple nesting m ight easily be 
taken  as entirely  d isruptive. H ow ever, in 
the sixties, at very d ifferen t density  levels, 
hatching success was at tim es h igher than  in 
single nesting (H ori 1964). Pienkow ski and 
Evans (1982 b) reported opposite results in 
a dune nesting com m unity at A berlady  Bay. 
T he p resen t w ork suggests th a t the outcom e 
is variable and density  dependen t.

In years o f high duckling o u tp u t, e .g .
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1963 and to  a lesser ex ten t 1985, the p re ­
sence o f inexperienced  birds was often 
difficult to  detec t a t inland and  upland 
com m unes. In such years, a fte r p relim inary  
association in com m unes, pairs separa ted  
and p rospected  in relative isolation. L ater 
exam ination  of nests show ed th a t som e 
m ultiple nesting had  occurred . If a com ­
m une consisted en tire ly  o f pairs having 
experienced  fem ales, in an a rea  w ithout 
nest site shortage, m ultiple nesting w ould 
be expected  to  occur unusually and then  by 
accident.

D enser conditions are  actually norm al 
and com m unes can consist o f pairs with 
fem ales from  tw o years old to  m aturity . 
M any b ird s , co n sid e red  young  ad u lts , 
de liberately  lay in the nests o f o thers. This 
behav iour has been  described as nest p a ra ­
sitism , bu t a lthough this m ay be term inolo- 
gically co rrec t, it can no longer be con­
sidered  ap p rop ria te . In Shelduck, it does 
no t have the adap tive significance postu la­
ted  for b rood  parasites generally  (see P er­
rins and B irkhead  1983).

The central postu la te  here  is th a t m ultiple 
nesting  is a behavioural ad ap ta tion  by 
which fem ales in th e ir  first year o f laying are 
in troduced  to  secure nesting sites, and the 
small num ber of eggs th a t they  lay are 
incubated , generally  by m ore experienced 
birds. This postu la te  is also supported  by 
th e  high to le ra n c e  w hich ex p e rien ced  
fem ales exhibit to  th e  resulting d istu rbance , 
and the generally  passive acceptance of 
large clutches.

O utcom es of m ultip le nesting are seen as 
a cline, from  success a t low densities, to  
to tal failure at high density . T he five m ulti­
ple nests in th e  closely studied  com m une 
illustrate dense nesting  conditions and  the 
resu ltan t d e te rio ra tio n  o f hatching success. 
A lthough th e  to ta l o f nests exam ined was 
substan tia l, annual sam ples w ere small. 
T his was un fo rtuna te  because it is the 
variation  in annual figures which is im por­
tan t in term s of th e  postu lates m ade. U p  to  
62%  of eggs laid w ere in m ultiple nests 
w hilst hatching success varied betw een 27% 
and 95%  over th e  years. C learly if the 
sam ples rep resen t th e  b reed ing  populations 
accurately , th e  effects on duckling ou tpu t 
w ould be extrem ely  im portan t.

D ow n-stripping away fro m  the nest

T his behav iour was described previously 
and a ttrib u ted  to  failed  nesters (H ori 1964

and 1969). Fem ales w ere found  to  behave in 
this way in th ree  circum stances, (i) E xperi­
enced  adults w hose nest had failed, (ii) 
E xperienced  adults w ho had com peted  for 
m ultiple nests, bu t been excluded from 
incubating  by o th e r b irds, (iii) Y oung 
fem ales, laying or trying to  lay in m ultiple 
nests, possibly for the first tim e, when 
excluded by incubating  birds.

T he overall conclusion is th a t fem ales 
capable o f laying grow  dow n patches which 
a re  p lucked a t the onset o f incubation  to 
m ake a co v e r fo r th e  c lu tch . D ow n- 
stripping aw ay from  the nest occurs when 
fem ales do no t have a clutch to  cover, e ither 
because a nest fails, o r because of the 
circum stances o f m ultiple nesting. M ost of 
this activity is considered  to be by young 
fem ales, and  as a corollary  o f m ultiple 
nesting.

Regulation o f  population

T he behav iour and nest studies lead to  the 
fu rth er hypothesis th a t com m une associ­
ation th rough  m ultiple nesting achieves 
regulation  in the breeding popu la tion . The 
ex ten t to  w hich this effects the overall 
popu la tion , in an a rea  w here recru itm en t is 
possible from  a large w in ter popu la tion  and 
from  sim ilar nearby  populations, docs not 
affec t th e  issues d iscussed  h e re . T his 
hypothesis was p roposed  previously (H ori 
1969), bu t fu r th e r study suggests th a t it 
opera tes in an  en tire ly  d ifferen t m anner to  
th a t then  suggested. It now  seem s th a t the 
num ber of young adu lt fem ales, a very 
d irect p red ic to r o f the b reed ing  popu la­
tion 's  fu tu re  po ten tia l, is the controlling 
variable. Follow ing tendencies lead these 
fem ales to  com m unes w here som e po ten tia l 
first tim e b reed ers  experience new  hab ita t 
in the uplands. M any will have experienced 
the holes in trees  and stacks once, for som e 
hours, w hen they w ere ducklings. Some 
m ay not have experienced  them  at a ll. T heir 
activity a t m ultip le nests, which in itself 
assists the learn ing  of hole nesting be­
haviour and provides for incubation  of 
fertile  eggs laid by them , causes variation  in 
hatching success. T he sta tus o f such fem ales 
has yet to  be clarified. P atterson  (1982) 
show ed th a t only 40%  of 2 year old fem ales 
on the Y than  held te rrito ry . A lso , th ere  was 
no evidence th a t Shelducks w ithout te rri­
to ry  ever lay eggs (Y oung 1964; W illiams 
1973; P atterson  et al. 1974). It seem s m ost 
likely th a t young fem ales which have terri-



Shelduck population regulation  141

to ries arc those which partic ipa te  in com ­
m unes p ro p e r and  tha t young pairs w ithout 
te rrito ry  com e later. M ost o r all of the 
second phase birds in the closely studied  
com m une could have been of the la tte r 
sta tus. O n the Y than , W illiam s (1973) de­
term ined  th a t w hereas te rrito ria l adults 
m ade up the bulk o f birds visiting nesting 
areas at the A pril peak , the peak  in M ay and 
June  included tw o and th ree  year olds 
w ithout territo ries.

W hen the num ber o f young adults is low, 
in terfe rence at nests is to lerab le  and hatch ­
ing success high. C onversely , w hen the 
p roportion  rises, the ir activity in the com ­
m unes’ m ultip le nests progressively reduces 
hatching success. T he u ltim ate  lim it is p rob ­
ably dum p nesting.

E xperienced  birds w ere show n to have 
developed  rem arkable behav iour to  enable 
egg laying and  incubation  to  continue 
despite  high levels o f intra-specifc in te rfe r­
ence. F our experienced  fem ales m anaged 
to  reach the incubation  stage by em ploying 
stealth  and aggression, by disguising the ir 
activities, by covering eggs, by varying their 
visit tim es or w atching for opportun ities to 
reach the nests unobserved , by having ex­
ceptional to lerance  o f d is tu rbance , and  in 
tw o cases changing nest sites.

T he loss o f trees in the area  involved 
m ore than  the loss of one q u a rte r  o f the nest 
sites (H ori 1964). Seclusion, which m ost of 
the up land  com m unes had in th e  sixties, was 
also lost and  small g roups could no longer 
virtually  d isappear. A ssem blies of such con­
spicuously co loured  birds could be detec ted  
a t long range in the treeless landscape, even 
at g round  level. In m any o f these it was 
m ore difficult fo r experienced  birds to  elude 
o thers w hen prospecting , laying and  in­
cubating.

T he com bination  of hab ita t change and 
high p o p u la tio n  level consid erab ly  in ­
creased density  in the com m unes of the 
eighties. This was considered  responsible

for the widely d ifferen t hatching success 
particularly  in 1985 and  1986. B ecause o f 
the difficulty of nest study in this species 
only small sam ples of m ultip le nest histories 
have been  published. O ne consequence has 
been a tendency  to  com bine annual ha tch ­
ing success da ta  over several years. This 
m ay have obscured  th e  significance of 
annual varia tion , which w ould be expected 
if the regulation  hypothesis is co rrect. L ar­
ger annual sam ples will be necessary to 
confirm  the postu lates advanced . D etecting  
regulation  in the field is p rob lem atic , but 
lim ited support is seen in the overall po p u ­
lation statistics in T ab le  6. It should be 
no ted  th a t the  sum m er popu la tions in 1959/ 
61 w ere 220, 250, 270.

T he  im m edia te  increase in duckling o u t­
pu t follow ing exceptionally  severe w inters 
has been  no ted  previously  (H ori 1969). This 
occu rred  tw ice; in 1963 and  again in 1985. 
O n  b o th  occasions th e  preced ing  severe 
w in te r caused  heavy m orta lity . T here  was 
no  m easu rab le  increase in average clutch 
size, bu t the percen tage  of to ta l eggs laid in 
m ultip le  nests was high in bo th  years (T able 
3) as w as th e  hatch ing  success (T able 4). 
T he  p resum ption  is th a t w in ter m ortality  
rem oved  significant num bers o f young adult 
fem ales. T h ere  is fu r th e r w eak support in 
th e  sixties' d a ta . W hen the large duckling 
o u tp u t o f 1963 had  w orked  its way through 
to  th e  b reed ing  po p u la tio n , and  2 and  3 year 
o ld  b irds sw elled th e  b reed ing  populations 
in 1965 and  1966, duckling  o u tp u t per pair 
o f  th e  b reed in g  pop u la tio n  w as the low est 
reco rd ed . O n th e  Y th an , “hatching success, 
fledging success and  the num ber o f young 
fledged p e r te rrito ria l p a ir all decreased  
significantly w ith increasing  num bers of 
te rrito ria l pairs in th e  popu la tio n "  (P a tte r­
son 1982).

T he  regu la tion  p o stu la te  above, is. of 
cou rse , a density  d ep en d en t m echanism , 
b u t th e  m an n er o f op e ra tio n  does no t seem  
to  have been  previously  suggested in birds.

Table 6. Summer population statistics.

1962 63 64 65 66 67 68 84 85 86

Total birds 260 245 390 465 495 712 630 690
Breeding pairs 70 73 65 115 147 150 155 169
Non-brccding birds 120 99 260 235 201 412 320 352
Ducklings on nursery water 245 515 243 285 244 349 548 327
Ducklings/pair 3.5 7.1 3.5 2.5 1.7 2.3 3.5 1.9
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Summary
A  breeding population of Common Shelduck 
Tadorna tadorna was re-studied after an interval

of sixteen years.
G enerally  distribution is limited by narrow 

territorial preference, but given habitat modifica­
tion, adaptation can relieve this constraint. Dis­
persion is effected by territorial and commune 
b eh av io u r. C om m unes provide inform ation 
transfer on nesting locations and experience on 
hole nesting, stim ulate achievem ent of breeding 
condition, and, through multiple nesting, reg­
ulate breeding ou tput. Com munes involve ex­
perienced and inexperienced birds. The latter are 
probably aged from  two to four years and many, 
probably the youngest, lay only small num bers of 
eggs, som etim es one.

Only a fraction of the population used single 
nests. Increased density in the 1980s resulted 
from a larger population and habit changes. This 
caused different outcom es from multiple nesting. 
It is hypothesized that behaviour of inexperi­
enced adult fem ales at multiple nests causes 
density dependent regulation by varying hatching 
success. M ost young females may not be capable 
o f incubating. A t low densities multiple nests 
could provide fo r incubation of their eggs at 
success rates com parable with or greater than 
single nests. A t high densities the activity of 
young females is disruptive and can cause total 
failure.
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